The concentrations of 7 minor heavy metallic elements (Cd, Cr, Cu, Mn, Ni, Pb and Zn) were determined by the A.A.S. method in 116 river water samples, of which 13 samples were collected from the granitic region and others from the green tuff region in Yamagata Prefecture. High concentration areas of the metallic elements were found in the east, southeast and central part of the survey area. In consideration of their flow rate, the mean concentrations of the metallic elements in river water were obtained. The mean values of 0.35 ppb of Cd, 3.74 ppb of Cr, 6.92 ppb of Cu, 15.39 ppb of Mn, 3.32 ppb of Ni, 5.45 ppb of Pb and 17.26 ppb of Zn were found in the green tuff region. The mean values of these elements in the granitic region was lower than that of the green tuff region except for Cr.
Introduction
In a wide area extending from Hokkaido to the Tohoku District of Japan, strata deposited during the Miocene Epoch are characterized by green-colored tuff beds known as green tuff. In this green tuff region, there are many metal sulfide ore deposits including black ore. In the green tuff and its associated rocks (e.g. andesite, propyrite etc.), which are the country rock of black ore deposits, heavy metallic elements such as zinc, copper, lead, iron, manganese and so on generally occur. In discussing environmental pollution by heavy metallic elements originating from idle or abandoned ore mines, it is necessary to consider the contribution of heavy metals from these rocks, that is, their natural condition.
In the present study, the author demonstrates the distribution of some minor heavy metallic elements in river waters mainly from the green tuff region of Yamagata Prefecture from 1977 Prefecture from to 1980 , and reports on their natural background values.
Materials
and Methods 2.1 Sampling The location of sampling stations is shown in Fig. 1 KOBAYASHI et al. (1976) , the former are lower than those of the latter. This comparison is reasonable because the samples under study were collected in the upper reaches of each river where effects of human activities are considered to be negligible. The mean concentrations of minor metallic elements in the green tuff region, except chromium, are higher than that of the granitic region, and the standard deviations of metal concentration in both regions are large. Figure 2 shows the frequency distributions of the minor metallic element concentration. Of course, the respective metallic elements have a different mean and standard deviation.
As it is not easy to compare these different distribution patterns directly, the analytical data were normalized and classified into five classes. The normalized data (CA) are expressed as follows:
where GA, is the concentration of metal A in river i, xA is the mean concentration of metal A in the green-tuff or granitic region and is the standard deviation of concentration of metal A. Zn (ppb) Cd (ppb) Cr ( This is the same manner as normalization of normal distribution. As may be seen from Fig. 2 , the frequency distribution of each metallic element is biased toward a lower concentration, so that it is closely a lognormal distribution. Therefore, the data were divided at the standard deviation (i.e., the value of 1 in normalized data) in the range before and after the mean concentration (i.e., 0 in normalized data) and narrower and wider than the standard deviation in the lower and the higher concentration ranges, respectively. The boundary of classes of normalized data and concentration levels is as follows; 3.2.1 Cadmium The cadmium concentration was found to range from 0 to 3 ppb. The distribution pattern of concentration of this element is shown in Fig. 3-1 . The concentration of cadmium was almost zero in the upper reaches of the rivers located in the south and east area, where 65% of the stations had no detectable cadmium. Excepting the rivers flowing in cadmium polluted areas (YAMAGATA et al., 1975, KOBAYASHI, 1978 and others) , there are a few reports on cadmium in river waters. SAKINO et al. (1979) and CHAYA et al. (1981) have reported that cadmium was not detected generally in the river water of the Kitakyushu district and Aichi Prefecture. It can be generally considered that the cadmium concentration in river waters is very low.
3.2.2 Chromium The chromium concentration was found to range from 0 to 41 ppb and, with 97.4% of the samples showing the range between 0 and 16 ppb. DURUM and HAFFTY (1963) reported a median value of 5.8 ppb, ranging from 0.72 to 84 ppb in large rivers of North America (Table  2 ). In a study of the stream supply of dissolved metals, KHARKAE et al. (1968) showed a mean Cr concentration of 1.4 ppb in 12 rivers from U.S.A. and the world. The mean value of Cr in the present work is close to DURUM'S value. However, it appears that these values are somewhat high in the present study. The distribution pattern of this element is shown in Fig. 3-2 . The concentration of chromium is markedly high in the eastern area, especially in the 4banazawa area.
3.2.3 Copper The copper concentration was found to range from 1 to 111 ppb, but the copper concentration in 97.4% of the samples was less than 30 ppb. SAKINO et al. (1980) , in their studies on heavy metal concentration in the Kitakyushu district, considered 5.6 ppb of copper to be the unpolluted level for that area. The mean value of 9.66 ppb Cu for the green tuff region in the present study is higher than the value from the * These symbols are also used in the distribution pattern shown in Figs. 3 and 4, but in these figures the boundary of each class is expressed in ppb. ranged less than 10 ppb. Comparison with DURUM and HAFFTY's value (Table 2) indicates that the presently obtained is lower both in the green tuff and granitic regions than that given by DURUM and HAFFTY (1963) . The distribution pattern of manganese is shown in Fig. 3 (Table 2) , presently obtained is low both in the green tuff and granitic regions. The distribution pattern of nickel is shown in Fig. 4-1 . A higher concentration area was found in the central area, but in almost all the stations nickel concentration was very low and not detected in 47% of the stations. 3.2.6 Lead The lead concentration was found to range from 0 to 55 ppb, but 74% of the samples gave values less than 10 ppb and 30% of the stations did not show lead content. SAKINo et al. (1980) considered a Pb value of 2.5 ppb to be the unpolluted level in river waters of the Kitakyushu district. DURUM et al. (1963) reported a Pb median value of 4.0 ppb for large rivers of North America. Compared with these values, the mean value of 8.23 ppb in the green tuff region is extremely high. There may have been lead contamination in the laboratory when the analysis was carried out, so this lead concentration is doubtful. The distribution pattern of lead is shown in Fig. 4-2 . Relatively high concentration areas were found in the central and north area, but in the east area the lead level in river water was very low.
3.2.7 Zinc The zinc concentration was found to range from 1 to 288 ppb, but 96% of the samples showed less than 100 ppb. Compared with the concentration of other heavy metallic elements in the river waters, the zinc concentration was high. According to MORrrA (1955) , Japanese river waters contained zinc at a level of 1.5 ppb in unpolluted water to 8200 ppb in polluted water, and gave a mean concentration of 5 ppb. The zinc concentration in river waters of the green tuff region appeared to be extremely high. The distribution _ pattern of zinc is shown in Fig. 4-3 . Almost one-third of the stations had a zinc content near the mean value, and only a few stations showed a particularly high zinc concentration over the mean value.
3.3 Discussion 3.3.1 General distribution trend of minor metallic elements In surveying the regional distribution pattern of the minor metallic elements described above, high concentration areas of heavy metallic elements were found in the east, south-east and central areas of Yamagata Prefecture. In particular, a very high concentration of Cd, Cu, Ni, Pb and Zn was observed at Station No. 95, of the Nagakura River. Although the source of these metals has yet to be determined, there are many idle or abandoned ore mines all over the area from Station No. 94 to No. 111 (see Fig. 1 ). It is likely that these ore deposits are responsible for these high values.
3.&2 Correlations between each metallic element The coefficients of correlation between various minor metallic elements in river water are shown in Table 3 . A positive correlation was observed among Cd-Cu-Cr, Cr-Mn-Zn, and between Cu and Zn at a significant level of 0.01. It is well known that these elements exist in significant quantities in green tuff (Iiuvz, 1983) , and, except for chromium ion, their ionic potential of 2.1-2.9 and belong to the soluble cation group. Therefore, it is reasonable that these elements behave dependently in water.
3.33 Flow rate of minor metallic elements The total flux values of each element were calculated on the basis of analytical data and observed values of flow rate of river water at each sampling site. The flow rate in the range Table 4 , the upper values in the columns representing the green tuff and granitic region are the overall flux of each element in the respective rivers (i.e., the total flux of each element). If one estimates the total flux of the respective elements in one year, the total flux of cadmium is about 0.4 t y-€, chromium about 3.9 t y', copper about 7.3 t y-1, manganese about 16.2 t • y_1, nickel about 3.5 t • y-1, lead about 5.8 t • y-1 and zinc about 18.2 t • y 1. 3.3.4 Natural background values of minor metallic elements As mentioned previously, sampling stations in this study are not considered to be affected by human activities. Thus the analytical values for these water samples are the natural background values of these rivers. Since the total flux values shown in Table 4 were calculated on the basis of these background values, these flux levels are represent the natural background flux values .
To divide these total flux values by the total number of sampling stations, the mean flux values were obtained (Table 4) . Moreover, to divide the total flux value of each metal by the total flow rate of river water at sampling sites, the mean concentrations were determined . These mean concentrations were somewhat lower than thous shown in Table 1 , which were obtained by dividing the sum of the metal concentration in each site by the number of sampling stations.
For the flow rate of river water at each sampling station, the author considered it more trustworthy to use the mean value based on the flow rate of river waters than the mean value based on the number of sampling stations. Therefore, it is suggested that these values shown in Table 4 , with the exception of lead, are the natural background°alues of minor metallic elements in the green tuff and granitic region. * Ci is the concentration of each metal in the river " i " , Qi is the flow rate of the river i at the sampling site and N is the number of sampling sites. ** Number of N are 103 and 13 in green tuff and granitic region respectively . *** Values of the sum of the flow rate are 33 .45 m3 seal and 18.51 m3 seal in green tuff and granitic region respectively. 
